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1 Abstract 
The original plan was to check the design, complete the construction and 
commission the UWS to a point, where the tanks were full of water and basic 
pump functions would be running.  The design and construction of the mounting 
structure and pipe work was already complete.   It was found the initial electrical 
installation hindered the completion of the UWS without a system redesign of the 
layout and changing the type of electrical wiring used internally to the cabinet.  In 
order to avoid other potential flaws a full check of the system design was also 
carried out. 
 
Altering the electrical design took longer than anticipated, which left less time for 
work outlined in the proposal.   As a result the expected thesis outcomes were 
downgraded; the new outcomes were to conduct a design review and complete 
the physical wiring on the UWS. 
 
Electrical design is now complete and eighty percent of the wiring was completed 
during the thesis project.  Wiring still needs to be run from the cabinet to the field 
devices. 
 
Further work is still required to commission the UWS and three software 
programs need to be developed in future, these include an interlock program, a 
client program and a demonstration program.  Additional scope of future work 
also includes creating a maintenance program to ensure the pumps are run on a 
regular basis. 
 
 3
 
 
2 Acknowledgments 
Special thanks to John Boulton and Wayne Clarke without their efforts and 
valuable assistance my thesis project would not have been possible.  They both 
provided hours of advice, support and assistance with the design and 
construction of the UWS. 
 
James Kurz and Ric Janosz worked parallel on the UWS project creating the 
interlock program and investigated how LabVIEW was implemented on an 
embedded platform. 
 
Thank you to my thesis supervisor Associate Professor Graeme Cole and the 
program chair Dr Gareth Lee for your guidance and support throughout my thesis 
project.  Finally thank you to all the past students, for their hard efforts and work 
to create the UWS. 
 4
3 Table of Contents 
1 ABSTRACT ............................................................................................................................ 2 
2 ACKNOWLEDGMENTS......................................................................................................... 3 
3 TABLE OF CONTENTS ......................................................................................................... 4 
4 LIST OF TABLES................................................................................................................... 6 
5 BACKGROUND/LITERATURE REVIEW .............................................................................. 8 
6 INTRODUCTION .................................................................................................................. 10 
7 DESIGN PHILOSOPHY........................................................................................................ 12 
7.1 LABELLING AND NAMING ................................................................................................. 12 
7.2 INTERPRETING DRAWINGS .............................................................................................. 13 
7.3 INSTRUMENT/POWER CABINET LAYOUT PHILOSOPHY ....................................................... 15 
7.4 PNEUMATIC SYSTEM INFORMATION ................................................................................. 18 
7.5 SOFTWARE/INTERLOCKS................................................................................................. 20 
7.6 OVERVIEW OF INSTRUMENTATION.................................................................................... 21 
7.7 FILTERING/UV SYSTEM................................................................................................... 22 
7.8 TANK LIGHTS.................................................................................................................. 22 
7.9 NATIONAL INSTRUMENTS FIELDPOINT UNITS.................................................................... 22 
8 DESIGN DOCUMENTATION ............................................................................................... 23 
8.1 SPECIFICATIONS............................................................................................................. 23 
8.2 DOCUMENT CONTROL..................................................................................................... 27 
8.3 PHYSICAL I/O DEVICES NAMING CONVENTION ................................................................. 28 
8.4 LIST OF INSTRUMENTATION.............................................................................................. 29 
8.5 LIST OF FIELD POINT CONFIGURATION............................................................................. 33 
8.6 INTERPRETING DRAWINGS .............................................................................................. 38 
8.7 PNEUMATIC SYSTEM INFORMATION ................................................................................. 39 
8.8 NATIONAL INSTRUMENTS FIELD POINT ............................................................................. 40 
9 CONNECTION DIAGRAMS AND INFORMATION ON INSTRUMENTS ............................ 42 
9.1 HART PROTOCOL........................................................................................................... 42 
10................................................................................................................................................... 43 
10.1 VARIABLE SPEED DRIVE (VSD)....................................................................................... 43 
10.2 LEVEL TRANSMITTERS .................................................................................................... 48 
10.3 FMU 40......................................................................................................................... 51 
10.4 MULTICAP T DC11TEN.................................................................................................. 53 
10.5 PRESSURE TRANSMITTERS ............................................................................................. 54 
10.6 CERABAR M - PMC 241 ................................................................................................. 54 
10.7 DELTABAR S - PMD 230................................................................................................. 56 
10.8 FLOW METERS ............................................................................................................... 58 
10.9 ENDRESS & HAUSER MAGFLOW 10H15........................................................................... 58 
10.10 ENDRESS & HAUSER MAGFLOW 10W.............................................................................. 60 
10.11 PROWHIRL 72................................................................................................................. 61 
10.12 MACNAUGHT M10 .......................................................................................................... 64 
10.13 4.2 FLOW VALVES .......................................................................................................... 67 
10.14 PNEUMATIC FLOW VALVE( 24000S WITH FISHER POSITIONER)....................................... 67 
10.15 BAUMAN CONTROL VALVE (51000 WITH SIZE 06 ACTUATOR)........................................... 69 
10.16 LOAD CELL..................................................................................................................... 71 
10.17 PUMP SWITCH STATUS ................................................................................................... 72 
10.18 WILDEN PUMP................................................................................................................ 72 
 5
10.19 ELECTRIC SOLENOID VALVE............................................................................................ 74 
10.20 CONNECTION FOR ELECTRICAL MOTORS.......................................................................... 76 
10.21 SINGLE PHASE ............................................................................................................... 76 
10.22 CENTRIFUGAL PUMPS..................................................................................................... 76 
10.23 3 PHASE ELECTRIC MOTOR............................................................................................. 77 
10.24 POSITIVE DISPLACEMENT PUMPS .................................................................................... 77 
10.25 TANK LIGHTS.................................................................................................................. 79 
11 CONCLUSION...................................................................................................................... 79 
12 BIBLIOGRAPHY .................................................................................................................. 80 
13 APPENDIX 1 - ACADEMIC SUPERVISOR ENDORSEMENT PRO FORMA..................... 83 
14 APPENDIX 2 - LAYOUT/CONSTRUCTION DRAWINGS ................................................... 84 
15 APPENDIX 3 - INSTRUMENT DRAWINGS......................................................................... 85 
16 APPENDIX 4 - POWER DRAWINGS................................................................................... 86 
17 APPENDIX 5 – P&ID DRAWINGS....................................................................................... 87 
 
 6
 
4 List of Tables 
Table 1 Drawing number convention example 1....................................................................................13 
Table 2 Drawing number convention example 2....................................................................................13 
Table 3 Drawing number convention example 3....................................................................................13 
Table 4 Interconnection of pump groups.................................................................................................25 
Table 5 Interconnection of pump groups 2 .............................................................................................26 
Table 6 Document control convention .....................................................................................................27 
Table 7 Physical I/O device naming convention ....................................................................................28 
Table 8 List of tank tag names..................................................................................................................29 
Table 9 List of pump tag names ...............................................................................................................29 
Table 10 List of flow meter tag names.....................................................................................................29 
Table 11 List of flow valve tag names .....................................................................................................30 
Table 12 List of level transmitter tag names ...........................................................................................30 
Table 13 List of solenoid valve tag names..............................................................................................30 
Table 14 List of level switch tag names ....................................................................................................31 
Table 15 List of gate valve tag names .....................................................................................................31 
Table 16 List of ball valve tag names ......................................................................................................32 
Table 17 List of pressure relief valve tag names ...................................................................................32 
Table 18 List of non-return valve tag names ..........................................................................................32 
Table 19 List of Module 1 I/O points ........................................................................................................33 
Table 20 List of Module 2 I/O points ........................................................................................................33 
Table 21 List of Module 3 I/O points ........................................................................................................34 
Table 22 List of Module 4 I/O points ........................................................................................................35 
Table 23 List of Module 5 I/O points ........................................................................................................36 
Table 24 List of Module 6 I/O points ........................................................................................................37 
Table 25 List of Module 7 I/O points ........................................................................................................37 
Table 26 List of Module 8 I/O points ........................................................................................................37 
Table 27 Wiring connection for an Analog Input module ......................................................................40 
Table 28 Wiring connection for an Analog Output module ...................................................................40 
Table 29 Wiring connection for a Digital Input module .........................................................................40 
Table 30 Wiring connection for a Digital Output module ......................................................................41 
Table 31 Wiring connection for a Counter module ................................................................................42 
Table 32 Wiring connection for a Controller module .............................................................................42 
Table 33 Variable Speed Drive Instrument Connections......................................................................47 
Table 34 Variable Speed Drive Power Connections .............................................................................47 
Table 35 Wiring connection for the Endress & Hauser Micropilot M Ultrasonic Level Transmitter 50 
Table 36 Wiring connection for Endress & Hauser FMU 40 Ultrasonic Level Transmitter ..............52 
Table 37 Wiring connection for Endress & Hauser Multicap T DC11TEN (Endress&Hauser 2003)
.......................................................................................................................................................................54 
Table 38 Wiring connection for a Cerabar M Pressure Transmitter....................................................55 
Table 39 Wiring connection to a Deltabar S Differential Pressure Transmitter .................................58 
Table 40 Wiring connection for a Endress & Hauser Magflow 10H15(Endress&Hauser 2003) .....59 
Table 41 Wiring connection for a Magflow 10H15 Flow meter(Endress&Hauser 2003)..................61 
Table 42 Wiring connection for a Endress & Hauser Prowhirl 72 Flow Meter(Endress&Hauser 
2003).............................................................................................................................................................63 
Table 43 Wiring connection for a Macnaught M10 Flow meter(Macnaught 2002) ...........................66 
Table 44 Wiring connection for a FISHER valve positioner(Emerson 2005) .....................................68 
Table 45 Wiring connection for Bauman Control Valve(Emerson 2004)............................................70 
Table 46 Wiring connection for a Dongshin Load Cell ..........................................................................71 
Table 47 Wiring connection for a Wilden pump .....................................................................................74 
Table 48 Wiring connection for a Bermad Water Technology 300 Series with Electric 
Solenoids(Bermad) .....................................................................................................................................75 
Table 49 Wiring connection for a PumpMaster Centrifugal Pump ......................................................77 
 7
Table 50 Wiring connection for a MONO Positive Displacement Pump.............................................78 
 8
 
5 Background/Literature review 
The Universal Water System (UWS) has been under design and construction for 
over two years.  Various students and groups have made considerable 
contributions to this project.  Previous work has been recorded and organised 
online and can be found on the Murdoch Chad web system. 
(http://chad.murdoch.edu.au/~uws/) 
 
The Murdoch Chad system for the UWS contained all previous work and 
literature created to date. This was used as the basis for my investigation into the 
UWS and utilised which the physical UWS. This prior work can be categorised 
into four sections.  Design, Installation, Testing and Documentation; each will be 
discussed in turn. 
 
The UWS design had almost been completed. The physical structure, piping, 
tanks and pumps were already installed.  Calculations for pipe, pump and tank 
size had already been complete and checked.  The P&ID diagram was complete 
and only needed a few small changes which were created by the UWS move 
from Rockingham to South Street campus. The physical layout of the electrical 
/instrument cabinet was untidy and the use of field wiring inside the cabinet which 
over filled the cable ducts, this left no room to run the field wiring through the 
cable ducts into the terminal blocks.  This required the layout of the cabinet and 
the subsequent changes to the electrical and instrumentation drawings. 
 
Installation of the UWS has been ongoing over the last two years.  The 
installation of the UWS has been heavily completed.  The physical construction 
of the structure is complete.  The tanks, pumps, valves and pipe work is also 
complete.  Some wiring and most of the electrical components have been 
mounted inside the electrical/instrumentation cabinet.  As mentioned in the 
design section the wiring inside the panel needs to be modified and changes 
reflected in the design documentation.  On the 240 volts side of the electrical 
cabinet no wiring has been started.  Some electrical components have been 
mounted. No field wiring from the panel to the electrical devices has been 
started.  The pneumatic piping has also not yet been installed.  Diagrams and the 
physical installation still need to be done.  The wire labelling number system 
needs to be revised and a new system implemented.  Previous work has been 
carried out with an interlock program, a user interface program and a simulation 
program.  This software will need to be revised, updated and tested.   
 
Construction of the UWS needs to be completed before testing can begin.  The 
interlock program needs to be implemented and tested before any testing can 
commence on the user interface.  Otherwise pumps risk possible damage if run 
dry, which the interlock program is designed to prevent.  A full test procedure and 
documentation will need to be created for the UWS.  This procedure normally 
begins with loop testing each device.  This ensures all devices are wired correctly 
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and the polarity is correct.  Then each piece of software needs to be installed and 
tested. 
 
Documentation of the UWS to date is of a high standard.  This documentation 
needs reviewing and updating to ensure the correctness and completeness of 
information. Links can be found for external internet sources of information as 
well as product manuals and specification sheets.  This information will be 
collated into binders and presented on the completion of the thesis. 
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6 Introduction 
UWS as mentioned in the background/literature review section has been heavily 
under design and construction for two years.  Numerous students over the years 
have worked on the project; due to the size and scale of the project, it still yet to 
be completed.  As different groups worked on the UWS there was a certain level 
of discontinuity as each group researched into the background of the previous 
group’s work.  Many factors limited the students’ progression, some of these 
included time, procurement of materials and availability of staff to assist with 
construction. 
 
Documentation was created by each group of students.  Over the years this 
project has been under design and construction substantial amounts of 
documentation has accumulated and the last group who worked on the design 
and construction re-organised the information onto the Chad-based website 
hosted on the University’s server. (UWS-Website 2007)Personnel accessing the 
website have found it difficult to navigate through the immense amount of 
information stored on this website.  The UWS website is the master storage 
medium for all information created on the UWS system to date.  Students in the 
past have protected and maintained the documentation created by the previous 
students.  With such large volumes of information it is difficult to understand the 
current status of the project. 
 
Previous works which will remain unchanged include the structure which all 
components are mounted.  Physical layout of pumps, valves, tanks and piping 
design has been completed and checked in previous projects.  This element of 
the project is finalised and needs no further work. 
 
Previous works which require alteration include the electrical design and 
installation, instrumentation layout and installation and the software components.  
This thesis will focus on the electrical and instrumentation design and layout.  
Due to time constraints the software element for the interlock program and the 
user interface was not achieved. 
 
Initially there were three phases to the UWS thesis, these included design, 
hardware installation and testing.  This was based upon an assumption some of 
the electrical installation had been completed.  This thesis was treated more as a 
design project which would be undertaken in industry.  As such the 
documentation would reflect the style and type of documentation found in 
industry, though the documentation was tailored towards future students who will 
continue projects on the UWS.  The idea behind this was to document the thesis 
work comprehensively so future students could understand all the previous work 
and a clear point to begin from.  This style of documentation deviated from the 
standard template for thesis documents. 
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Essentially this thesis is made up of parts, design philosophy followed by design 
documentation with the drawing attached as an appendix.  Physical construction 
was the final part; this consisted of wiring the UWS instrument and power 
cabinet.  A brief introduction to the first phase will follow into the design 
philosophy section.   
 
The first phase of the thesis involves the review of the documentation and 
design.  This included a physical inspection and audit of the current status of the 
UWS system.  Errors in the electrical/instrumentation design component were 
discovered whilst conducting this review, which uncovered the need to go back to 
fundamentals.  This includes a check of specifications for each device to ensure 
the design and installation of the device is correct.  10 percent of these 
specifications were checked against the devices which had been physically 
installed. These problems need to be corrected on all documents and the design 
updated to reflect the changes. 
 
Documentation created for the design phase was based on the philosophy 
behind the design.  This was done for two reasons, the first to assist future 
students and secondly the project documentation provides technical information 
regarding the design of the system, which can be used for upgrade maintenance 
in the future.  Due to the large volumes of information a decision was made to 
correctly document the finalised design of the UWS, rather than document every 
problem found and the solution to rectify the problem.  This was an attempt to 
reduce the already large amount of documentation. 
 
Due to the problems found during the design review all wiring inside the 
instrument and power panels was removed and redone during the hardware 
installation phase.   The focus remained on the correct engineering solution and 
the documentation reflects this.  A step by step process of how the system was 
changed has not been documented; since only the basic cabinet layout was used 
and all the electrical drawings were revised.  All information regarding the design 
will be found in the second section titled design documentation. 
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7 Design Philosophy 
7.1  Labelling and Naming 
Various standards for documents, drawings and naming conventions have been 
developed on a national level in various countries and on an international level.  
Europe, United States of America, British and Australia/New Zealand are among 
the list of countries with such standards. 
 
In general, companies develop documentation, drawings and naming 
conventions in house within the company.  While there are often many 
similarities between documents from different companies, each company 
develops there own format and consistently apply their naming convention and 
symbols in all documentation.  All companies conform to standards for the 
physical system; though the standards for symbols and drawing layout vary. 
 
The UWS project was created from scratch and evolved to the current design.  
Through documentation the UWS design philosophy can be shared with future 
students.  This will enable future improvements to be made and maintenance to 
be conducted with the relevant information. Change management should be 
used to keep track of updates to documentation when changes are made to the 
UWS.  
 
7.1.1  Physical I/O Devices Naming Convention 
Naming of devices has evolved through the work various groups have completed 
on the UWS project since its inception in 2006.  The naming convention for the 
UWS is shown below. 
 
FV – Flow Valve 
LT – Level Transmitter 
TL – Tank Lights 
FM – Flow Meter 
LS – Level Switch 
VSD – Variable Speed Drive 
PU - Pump 
 
A full list of abbreviations is contained in the design documentation. 
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7.1.2  Drawing Number Convention 
Drawing number convention is broken into four parts.   
 
 
UWS -LV -DI01 -01 
System Low 
Voltage 
I/O Module Sheet 
Number 
Table 1 Drawing number convention example 1 
 
UWS -HV -AO01 -01 
System High 
Voltage 
I/O Module Sheet 
Number 
Table 2 Drawing number convention example 2 
 
UWS -LY -DI01 -01 
System Layout I/O Module Sheet 
Number 
Table 3 Drawing number convention example 3 
 
 
7.2 Interpreting Drawings 
Many systems designed in industry are larger and more complex then the UWS.  
Larger and more complex systems require more drawings to represent the 
system.  Examples are Block diagrams, Sub block diagrams, Interconnection 
Diagrams, Network Diagrams, Single line diagrams, Layout drawings, Loop 
drawings, Internal power distribution, Internal cabinet drawings, Mechanical 
drawings, and P&ID’s.  Depending on the company and the type of system 
determines how many types of drawings/diagrams are used. 
 
During the design of the UWS five types of drawings have been used to 
represent the system. These are P&ID, Instrumentation, Power, 
Layout/Construction and Pneumatic drawings.  A brief explanation is provided 
below to give an insight into the reasoning behind the choices made during the 
design phase.  It is hoped this information will be useful for students and staff 
when reading the UWS documentation and for future improvements and 
continuation of design to the UWS plant.   
7.2.1 Pneumatic Drawings 
Future work: pneumatic system is still under design and the drawings will need to 
be created once the system design has been finalised. An example of this type 
has not been created. 
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7.2.2 Layout Construction Drawings 
Layout drawings are used in industry to manufacture panels/cabinets.  For the 
UWS project additionally information identifying each part was included.  This will 
assist during maintenance or redesign when working on the system. During fault 
finding or system familiarisation the layout drawings can assist people locating 
parts shown on the electrical schematics.  Cabinet layout drawings were created 
in 2007 during the second partial construction phase.  These drawings need to 
be updated to represent the as built system.  Examples of these drawings can be 
found in appendix 2. 
 
7.2.3 Electrical Drawings 
Electrical drawings are broken into two categories.  These are Instrument and 
Power drawings.  Drawings were separated into these two distinct categories for 
safety.  Instrument drawings involve power of 24 Volts or less, and the Power 
drawings involve voltages greater then 24 Volts, but typically 240 Volts and 
greater. 
7.2.4 Instrument: 
Instrument drawings in the UWS are commonly known in industry as Loop 
drawings.  Additional information was included in the loop drawing, allowing the 
drawing to be used a connection diagram, as well as a loop diagram.  Arrows on 
the drawings connected two points over separate drawings.  These arrows join 
two instrument drawings together, or can also connect a point between an 
Instrument and a Power drawing.  Examples of these drawing can be found in 
appendix 3. 
 
7.2.5 Power 
Power drawings follow a consistent format.  Power flows from the active line on 
top of the drawing to the neutral line on the bottom of the drawing.  The same 
arrows used in the Instrument drawings are used in the Power drawings also.  
These connect two points from two separate power drawings or from a Power 
drawing to an instrument drawing. Power drawings contain enough information to 
be used as Connection diagrams as well as an electrical schematic.  Examples 
of these drawings can be found in appendix 4. 
7.2.6 P&ID 
P&ID drawings were created in 2006, these were a series of drawings.  2007 
P&ID was combined into one drawing.  This now remains as the final document.  
During the move from Rockingham to South Street tanks one and two were 
interchanged with tanks three and four.  The P&ID was updated to reflect these 
changes.  An example of this type of drawing can be found in appendix 5.   
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7.3 Instrument/Power Cabinet Layout Philosophy 
7.3.1 Instrument Cabinet 
In 2007 the instrument cabinet was designed and initially. During this thesis 
project the layout was reviewed and changes made. 
 
One major mistake made during construction in 2007, field cabling was used 
inside the cabinet.  This resulted in cable trays being over filled that left no room 
to install and connect field cabling.  A second mistake found was incorrect 
connections to Field Point I/O modules were made to the field devices.  This 
would have resulted in equipment damage if connected without being checked 
and revised. 
 
To address this problem, additional cable trays were installed to provide more 
room for wiring.  The layout of the cabinet needed to be modified to make room 
for the additional cable trays.  Field cable was then replaced with single core 
cable freeing up space to run field cabling into the cabinet. 
 
Specifications for each device were checked and compared to the specifications 
for the associated field point unit.  Adjustments were made to the wiring design to 
correct deficiencies.  Further details are discussed in detail in the design 
documentation section of this thesis. 
 
Terminal Blocks were rearranged to simplify and segment the layout.  This 
simplified the layout and make identifying the connection layout easier. 
 
Shielded field cable was used inside the cabinet.  This is not required and was 
removed.  The cabinet placement away from interference sources, such as 
transformers and large power cables greatly reduces any interference.  Also the 
cabinet is a metal enclosure this also assists in reducing interference.  Shielded 
cable is used in field cabling to reduce the effect of interference from power 
cabling to motors and other sources of interference.     
 
Additional Fuses were added to the instrument cabinet.  A list of fuses can be 
found in the system documentation. 
 
Internal power distribution was also altered when the terminal blocks were 
rearranged.  Information on the layout of the internal power distribution can be 
found in the system documentation.   
 
The labelling system used on the wiring was difficult to read.  This was changed 
to heat shrink based system.  Though was found to be expensive, there are 
alternatives on the market which provide cheaper solutions.  These labels 
provide a professional solution to marking cables.   
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The final design of the Instrument cabinet created a very compact solution, which 
has little to no room for system expansion. 
 
An Instrument earth bar was added to the base of the cabinet.  All shields from 
the shielded wires are connected to this Instrument earth bar. 
 
The Instrument cabinet was completely rewired and labelled.  All wires were 
loomed for neatness.  It is requested that future students do not un-loom wires; 
the system documentation clearly indicates where each wire goes. 
 
The highest voltage used in the Instrument cabinet is 24Vdc.  This cabinet is safe 
for students to look in and work on.   Power supplies are located in the Power 
cabinet which convert 240Vac into 24Vdc and 24Vac.   
 
Instrument drawings can be found in the appendix. 
 
7.3.2 Power Cabinet 
Additional cable conduits were added to the Power side of the cabinet and the 
cabinet was rearranged to create more room.  Additional relays needed to be 
installed.  The layout of the cabinet is compact and there is little room available 
for system expansion. 
 
Protective Earth (PE Earth) was added to the base of the Power cabinet. 
 
A Neutral bar was added to the base of the Power side of the cabinet.  This 
provided a common point to run Neutral cables into the Power cabinet. 
 
Voltages of 440VAC and 240VAC are present inside the power cabinet.  24Vdc 
and 24Vac is converted by power supplies mounted inside the Power cabinet 
and feed into the Instrument Cabinet. 
 
A Perspex case will be manufactured around the inside of the Power cabinet.  
This will allow students to look safely inside the cabinet.  Students must not 
remove this Perspex cover or attempt to work on the Power side of the cabinet.  
Potential exists for serious injury or death if students come into contact with live 
wires in the Power side of the cabinet.  A warning sticker should be attached to 
the Perspex warning the danger of electrocution. 
 
Power cabinet drawings can be found in the appendix. 
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7.3.3 Wiring - Shielding 
7.3.4 Shielding philosophy 
The shielding is normally terminated at one end only.  This is to maintain segregation 
between Protective Earth and Instrument Earth.  As the possibility exists when this 
segregation is not maintained, current from a faulty electric motor can be large enough to 
travel up the instrument earth and back feed into the control system.  This can cause 
intermittent faults or may lead to damage of equipment.  Normally the cabinet end of the 
shielded wires shield is connected to Instrument Earth.  At the instrument end the 
shielding has heat shrink applied and shield wire is left floating.  Normally one metre 
segregation is maintained between the Instrument Earth (IE)/Intrinsic Earth (IS) and the 
Protective Earth (PE).  In industry this is checked during commissioning and if the 
instrument end is connected the IE/PE segregation test fails.  
 
In the UWS project the IE Earth Bar was installed on the opposite side of the cabinet.  
 
7.3.5 Labelling 
The labelling system used on the wires inside the Power and Instrument Cabinet 
is more prevalent in Europe.  This labelling system labels the wire at each end 
and corresponds to the terminal the wire is connected to.  i.e. if the wire is 
connected to the Terminal Block 5 and pin 6 the wire will have TB05-06 as the 
label.  During maintenance when equipment is removed, the wires are already 
labelled.  Wires can be immediately disconnected and equipment removed and 
when the new equipment is installed the wires can be easily reconnected without 
the system drawings. 
 
An alternative system is to number each wire.  A number is attached to each end 
of the wire.  This identifies the wire inside the cabinet. It is easier to trace a 
system when this method is used, as you look for the number on the other end of 
the wire.  Though care must be taken when components are removed that wiring 
is correctly identified and system drawing are close at hand. 
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7.4 Pneumatic System Information 
7.4.1 Pneumatic System Design Overview 
The UWS pneumatic system supplies three different devices in the system.  The 
Wilden Pump, the Pneumatic solenoid on/off valves and a pneumatic 
proportional flow valve.  The system has a pressure reducing valve for the 
pneumatic proportional flow valve to limit system pressure to prevent damage to 
the flow valve.  The Wilden pump and solenoid valves use full system pressure 
which will be regulated by a pressure reducing valve on the system inlet.  
Pressures on both reducing valves will need to be set during commissioning.  
 
7.4.2 Design and configuration of Solenoid Valve 
Manufacture recommended connecting the Pneumatic Solenoid Valves using 
one normally open solenoid and one normally closed.  Purpose of this 
configuration was to allow the system to bleed off through the normally closed 
valve. 
 
Previous groups modified this configuration.  After discussions with John and to 
maintain consistency all pneumatic solenoid valves will be reconfigured, to 
contain on normally open and one normally closed solenoid valve. 
 
Long term maintenance will be easier if all these valves are the same.  John will 
be responsible for ongoing repairs.  Diagnosing a faulty valve and repairing the 
valve will be much easier for John if all the valves are the same. 
 
Manufacturer design and recommend a configuration for good reason.  In 
industry I have witnessed the result of companies installing equipment deviating 
from manufacturers’ specification.  This increased the amount of time taken to 
commission the system and additional costs were incurred to rectify the 
deficiencies.  
 
7.4.3 Pneumatic Actuated Flow Valve 
Pneumatic actuated valve has a maximum working pressure which is lower then 
system pressure.  A pressure reducer is installed to limit the maximum working 
pressure to this valve.  Incorrect setup of pressures can result in damage to this 
flow valve. 
7.4.4 Wilden Pump 
Recommend 6-8.6 Bar pressure to ensure adequate flow rate. 
 
Wilden Pumps are positive displacement pumps, a set volume is moved each 
stoke.  Flow rate is dependant of number of strokes a minute and the supply 
pressure of air to the Wilden Pump.  Chosen pressure must be able to be 
 19
maintained by the compressor.  If the supply air pressure fluctuates, this will 
cause the flow rate to fluctuate. 
 20
7.5 Software/Interlocks 
7.5.1 List of Physical I/O Tags 
During this project the physical I/O tags were finalised. These I/O tags are used 
throughout the documentation.  James Kurz and Ric Janosz worked on a project 
parallel to this thesis to create an interlock program.  This interlock program used 
the physical I/O list to map the physical I/O into software.  Changes to these tags 
will require substantial change to program and the software/hardware 
documentation.  It is strongly advised from this point on not to make changes to 
the I/O tags.  If any additions are made, it would be best to be consistent add to 
the existing format. 
 
A list of physical I/O tags can be found in the system documentation. 
7.5.2 List of Software Tags 
Software tags have been finalised by James Kurz and Ric Janosz during their 
project.  For more information please refer to James Kurz and Ric Janosz 
interlock program documentation. 
 
A list of software tags can be found in the system documentation. 
7.5.3 Interlock Program 
James Kurz and Ric Janosz created the interlock program as part of a separate 
project.  This interlock program forms part of the commissioning of the UWS, this 
is future work. 
 
The purpose of the interlock program is to protect the plant from potentially 
damaging conditions.  This interlock program needs to run permanently in the 
background, without the possibility of students by passing the fixed interlocks.  
These interlocks are designed to protect the equipment and for safety.  DSC 
engine or an OPC server are used as a server and the interlock program will be 
embedded onto the controller.   
7.5.4 Future Client Program 
This program will interact with the server, all read/write permissions will be set 
inside the server.  All I/O variables will be included on the server.  The Client 
program will read and write these variables to the server to control and monitor 
the UWS. 
 
Students will be able to freely experiment inside the Client Program with safety, 
as the equipment protection is provided by the interlock program.  This will make 
the UWS an ideal learning tool for students.  Students will freely be able to 
explore and experiment with various means of control, without damaging the 
UWS. 
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7.6 Overview of Instrumentation 
7.6.1 VSD 
The Variable Speed Drive (VSD) is used to control the speed of five positive 
displacement pumps.  These drives have a number of connections used to 
control the VSD and provide feedback back to the control system.  For the UWS 
project only three connections are used between the VSD and the Fieldpoint unit.  
These are: Enable, Running feedback and a 4-20mA Control signal for speed 
reference. Though the VSD unit has facility for RS-485 network connections, 
error feedback digital signal, reverse drive and other signals, these connections 
are unused in this project.  
7.6.2 Level Transmitters 
Four different level transmitters were used in UWS, these are capacitive probe, 
radar, ultrasonic and a load cell.  The philosophy behind including such a broad 
range of sensors is to provide exposure to Engineering students in there studies 
to a broad range of instruments which are found in industry.  Further information 
regarding specifics for each instrument can be found in the UWS Design 
Documentation Section. 
7.6.3 Pressure Transmitters 
Two different types of pressure transmitters are used in the UWS.  These have 
been setup to provide tank level indication from the pressure measured by the 
instrument.  Further information regarding specifics for each instrument is found 
in the UWS Design Documentation Section. 
7.6.4 Flow Meters 
Various flow meters are used to measure flow rate of water around different parts 
of the UWS.  Four different types of flow meters are used.  This provides 
students with a broad expose to different types of flow meters which can be 
found in industry. 
7.6.5 Flow Valves 
Two types of flow valves are used in the UWS.  One electrically driven flow valve 
and the other is an electric over pneumatic valve manipulation.  
7.6.6 Pump Motor Combinations 
Three different methods of pump control are used in the UWS.  The centrifugal 
pump is an electrically driven by a relay on/off, this is used in conjunction with a 
flow control valve.  Electrically driven positive displacement pump speed is 
controlled using a VSD.  The Wilden air driven positive displacement pump is 
controlled by pulsing a digital output with the frequency determining the flow rate. 
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7.7 Filtering/UV System 
To reduce the environmental impact of the UWS, water usage needs to be 
limited.  To achieve this, the UWS will remain filled for long periods.  This could 
potentially become discoloured and produce bad odours from the stagnant water.  
To prevent this occurring, two different filter units have been fitted.  These are the 
UV filter and the fibre element style filter often found filtering swimming pools. 
  
7.7.1 Pool Type Filter 
The fibre type filter is designed to filter large volumes of water and is expected to 
run an hour or so a day.     
7.7.2 UV filter 
The UV filter unit has a small submersible pump which processes a small volume 
of water and is designed to running continuously twenty-four hours a day, seven 
days a week. 
7.8 Tank Lights 
7.8.1 Tank Lights Philosophy 
The main concept of the tank lights is for demonstration day events used to 
showcase the Engineering Departments equipment.  This would be used in 
conjunction with a demonstration program which could be written as a future 
project. 
7.8.2 Current Tank Light System Design 
Currently there are six digital outputs used to control six relays.  When the relays 
are activated 24VAC is available the lighting terminal strip. Currently there are no 
lights connected.  This can be added as future work. 
7.9 National Instruments FieldPoint Units 
National Instruments Field Point units were used to provide a platform for 
Embedded LABView projects.  Previous students working on the UWS 
determined the type and number of units.  This comprises of controller, two 
digital inputs modules, 2 digital output modules, one analogue input module and 
two analogue output modules.  There is no room left to add any additional 
modules.  During the thesis project it came to light these modules are obsolete 
and can no longer be purchased.  Changing these modules would require a small 
redesign to accommodate new modules. 
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8 Design Documentation 
8.1 Specifications 
8.1.1 Purpose of UWS 
Murdoch Engineering embarked upon the UWS for two purposes.  Primary 
purpose is to provide students studying Bachelor of Engineer/Technology 
majoring in Instrumentation and Control Systems with further equipment to 
conduct Control Experiments.  To maximise the educational experience the UWS 
needed to be configurable to run different combinations of pumps and tanks to 
suit a variety of different types of control problems; allowing the UWS to be used 
as a teaching aid for many units studied in the Engineering Facility.  This is in 
contrast to industry, where plants are designed for a specific purpose and are not 
readily changeable. 
 
The secondary purpose of the UWS is so that it can be displayed on University 
open days and visits from schools and representatives from industry.  Ideally a 
demonstration program will be created, which will fill tanks and flash lights to 
provide a visually appealing display and demonstration of a control system in the 
University environment.     
 
8.1.2 System Description 
 
UWS is a system of water tanks, pumps, measurement and flow control devices 
used to control the flow of water within the system.  Three subsystems are 
contained with in the main system and are referred to as Pump Group 1, Pump 
Group 2 and Pump Group 3.  Various valves enable these systems to be run 
independently as three separate systems, or can be configured to join a 
combination of systems together.  Further details will be provided in the next 
sections. 
 
The UWS stretches up three levels each level round three metres in height.  A 
large storage tank is located on the ground level of the system.  This holds 
enough water to ensure all tanks and pipe work in the system can be filled 
without the pumps drawing from the storage tank cavitating.   
 
Two cylindrical clear Perspex tanks are located on the middle level and another 
two located on the top level.  Along the side of all three levels is one five meter 
tank, though the diameter is smaller, the height if this long narrow tank enables 
non linear tank level experiments to be conducted.    
 
 24
8.1.3 Pump Group 1 
 
Pump Group 1 is comprised of two short wide cylindrical clear Perspex tanks, 
two positive displacement electric driven pumps and one electric driven 
centrifugal type water pump. Variable Speed Drives (VSD) will control the 
speed/flow rate of the positive displacement pumps.  A flow valve will control the 
flow rate from the centrifugal pump. Flow meters will measure the flow rate of 
water from the pumps to the tanks.  Level transmitters will measure the height of 
fluid in each tank. 
 
One centrifugal and one positive displacement pump are located on the ground 
level.  These pumps draw from the main supply tank.  Pneumatic solenoid valves 
switch the system flow between the two pumps; this also prevents the water 
being force back though the centrifugal pump when the positive displacement 
pump is operating.  Only one pump is selected at anytime, these pumps pump 
water from the ground level tank to the middle level tank. 
 
The second positive displacement pump is located on the middle level and 
pumps water from the tank on the middle level to the tank on the top level. 
 
A series of ball and gate valves allow various configurations of Pump Group 1 
which includes joining Pump Group 1 to Pump Group 2.  Pump Group 3 can also 
run independently.   
 
8.1.4 Pump Group 2 
Pump Group 2 is comprised of two short wide cylindrical clear Perspex tanks, 
two positive displacement electric driven pumps and one electric driven 
centrifugal type water pump. Variable Speed Drives (VSD) will control the 
speed/flow rate of the positive displacement pumps.  A flow valve will control the 
flow rate from the centrifugal pump. Flow meters will measure the flow rate of 
water from the pumps to the tanks.  Level transmitters will measure the height of 
fluid in each tank. 
 
One centrifugal and one positive displacement pump are located on the ground 
level.  These pumps draw from the main supply tank.  Pneumatic solenoid valves 
switch the system flow between the two pumps; this also prevents the water 
being force back though the centrifugal pump when the positive displacement 
pump is operating.  Only one pump is selected at anytime, these pumps pump 
water from the ground level tank to the middle level tank. 
 
The second positive displacement pump is located on the middle level and 
pumps water from the tank on the middle level to the tank on the top level. 
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A series of ball and gate valves allow various configurations of Pump Group 2 
which includes joining Pump Group 2 to Pump Group 1.  Additionally Pump 
Group 3 can be connected to Pump Group 2. Pump Group 2 can also run 
independently.   
 
 
 
 
8.1.5 Pump Group 3 
Pump Group 3 is comprised of one long narrow cylindrical tank, one positive 
displacement electric driven pumps, one electric driven centrifugal type water 
pump and one pneumatically driven positive displacement Wilden Air Pump. 
Variable Speed Drives (VSD) will control the speed/flow rate of the positive 
displacement pump.  A flow valve will control the flow rate from the centrifugal 
pump.  Pulsing the Wilden pump Digital output channel at varying rates will 
control the flow rate.  Flow meters will measure the flow rate of water from the 
pumps to the tanks.  Level transmitters will measure the height of fluid in each 
tank. 
 
One centrifugal and one positive displacement pump and the Wilden Pump are 
located on the ground level.  These pumps draw from the main supply tank.  Two 
pneumatic solenoid valves switch the system flow between the three pumps; this 
also prevents the water being force back though the centrifugal pump when the 
positive displacement pump is operating.  Only one pump is selected at anytime, 
these pumps pump water from the ground level tank to long narrow tank. 
 
A series of ball and gate valves allow various configurations of Pump Group 3 
which includes joining Pump Group 3 to Pump Group 2.  Pump Group 3 can also 
run independently. 
 
8.1.6 Interconnection of Pump Groups 
The table below list which pump groups can be interconnected together. 
 
 Pump Group 1 Pump Group 2 Pump Group 3 
Pump Group 1 N/A YES NO 
Pump Group 2 YES N/A YES 
Pump Group 3 NO YES N/A 
Table 4 Interconnection of pump groups 
 
It is possible to connect Pump Group 1 to Pump Group 2 and at the same time 
connect Pump Group 3 to Pump Group 2.  This would interconnect the entire 
system. 
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It is possible to run all three Pump Groups independently of each other.  Three 
separate experiments can be run simultaneously.  This has the potential to have 
three client computers with three separate groups of students all using the UWS 
and working independently without interfering with each others experiments. 
 
A second representation is shown below: 
 
P1= Pump Group 1 
P2= Pump Group 2 
P3= Pump Group 3 
 
P1  P2  P3 
(P1+P2)  P3 
P1  (P2+P3) 
(P1+P2+P3) 
Table 5 Interconnection of pump groups 2 
 
 
8.1.7 Filtering/UV System 
To reduce the environmental impact of the UWS, the system should remain filled 
for long periods.  This could potentially become discolored and produce bad 
odors.   To prevent this occurring two different types of filter units have been 
fitted.  These are the UV filter and the fiber filter often found filtering swimming 
pools. 
 
 
Two different types of filter systems will be installed into the UWS.  One UV filter 
system with submersible pump running continuously.  Second Fiber type filter 
with a centrifugal type pump designed to run an hour a day.  This could be built 
into the interlock program, or manually controlled by John. 
  
8.1.8 Pool Type Filter 
Fiber type filter which is designed to filter large volumes of water and is expected 
to only run for an hour a day. 
8.1.9 UV filter 
UV filter is designed to running continuously using its own submersible pump. 
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8.2 Document Control 
 
Document control is very important in any project.  When new students or staff 
work with the UWS information will be required to understand the UWS.  Good 
layout and well written documentation is the key to assisting people who will use 
the system in future.  As time goes by, the system will evolve and modifications 
conducted.  It is important the documentation is updated as this occurs and 
records are kept of the old system.  An archive folder will be set up and 
documents should be saved prior to modification. 
 
To control documents the following convention will be used. 
 
Document Control Convention 
 
UWS_PrefixX_####_RevX 
 
PrefixX Document Type 
A Pneumatic Drawings 
C Control 
D P&ID 
LV Instrument Drawings 
LY Layout/Construction Drawings 
M Manuals 
HV Power Drawings 
S Specifications 
Table 6 Document control convention 
 
Excel Spreadsheet contains a register of all documentation.  Index of documents 
will be contained in the document folder to assist personnel to locate the correct 
document. 
 
This register must be updated when documents are changed.  Where necessary 
the website will need to be updated also.  Documents should be archived/backed 
up prior to changes being made.  A tracking sheet in the register will be used to 
record changes made to a document.  This will assist students and staff in the 
future when reading through documentation. 
 
Documentation must be saved with the Document Control Convention as the 
filename. 
 
Documents must contain the document code left justified, the document titled 
centred and the date right justified.  The page number out of total pages must be 
located below the date. 
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8.2.1  
8.3 Physical I/O Devices Naming Convention 
Abbreviations were created for all I/O which is used on drawings and variety of 
documentation.  Below is a list of abbreviations used and the associated 
description. 
 
Tag Name Description Notes 
TK01 Tank 1  
PU01 Pump 1  
FM01 Flow Meter 1  
FV01 Flow Valve 1  
LT01 Level Transmitter 1  Pressure Transmitter as 
also used as Level 
Transmitters and share 
this tag name 
SV01 Solenoid Valve 1  
LS01 Level Switch 1  
VSD1 Variable Speed Drive 1  
GV01 Gate Valve 1  
BV01 Ball Valve 1  
PRV01 Pressure Relief Valve 1  
NRV01 Non Return Valve 1  
VSD1_S Variable Speed Drive 1  Running 
Feedback 
 
PU01_S Pump 1 Isolation Switch State  
VSD1_C Variable Speed Drive 1 Enable Signal  
PU02_C Pump 2 On Relay Output  
TL01 Tank Light Circuit 1  
Table 7 Physical I/O device naming convention 
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8.4 List of instrumentation 
From the specifications the following list of instrumentation was compiled.  Tag 
names have been allocated and are used throughout the documentation. 
 
 
Tanks  
P&ID 
Ref. Object 
TK01 Tank 1 
TK02 Tank 2 
TK03 Tank 3 
TK04 Tank 4 
TK05 Tank 5 
TK06 Tank 6 
Table 8 List of tank tag names 
 
 
Pumps   
P&ID 
Ref. Instrument Location 
PU01 PD Pump Mono CP25 (Variable Speed) Pump system 1 
PU02 Centr. Pump Villamate JSP60 (Blue) Pump system 1 
PU03 PD Pump Mono CP25 (Variable Speed) Pump system 2 
PU04 Centr. Pump Villamate JSP60 (Blue) Pump system 2 
PU05 PD Pump Mono CP25 (Variable Speed) Pump system 3 
PU06 Centr. Pump Villamate JSP60 (Blue) Pump system 3 
PU07 PD Pump Mono CP25 (Variable Speed) Recycle pump between TK03 & TK01 
PU08 PD Pump Mono CP25 (Variable Speed) Recycle pump between TK04 & TK02 
PU09 Wilden Pump (Bellow) Pump system 3 
PU10 Centr. Pump Villamate JSP60 (Blue Filter Pump) Behind the cabinet 
Table 9 List of pump tag names 
 
 
 
Flow Meters  
P&ID Ref. Instrument Location 
FM01 E&H Magflow 10H15 Pump system 1 outlet 
FM02 E&H Magflow 10H15 Pump system 2 outlet 
FM03 E&H Magflow 10H15 Recycle stream between TK03 & TK01 
FM04 E&H Magflow 10W40 Outlet of TK01 before GV01 
FM05 Prowhirl 72 Outlet of TK05 
FM06 Macnaught M10 Pump system 3 outlet 
FM07 Macnaught M10 Recycle stream between TK02 & TK04 
Table 10 List of flow meter tag names 
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Flow Valves  
P&ID 
Ref. Instrument Location 
FV01 Bauman 51000 Series Control Valve Pump system 1 after PU02 
FV02 Bauman 51000 Series Control Valve Pump system 2 after PU04 
FV03 Bauman 51000 Series Control Valve Pump system 3 after PU06 
FV04 Fisher Valve Positioner 3660 series Outlet of TK05 after FM06 
Table 11 List of flow valve tag names 
 
 
Level Transmitters  
P&ID 
Ref. Instrument Location
LT01 E&H Cerabar M - Pressure TK01 
LT02 E&H Deltabar S - Differential Pressure TK02 
LT03 E&H Multicap DC11TEN - Capacitance TK03 
LT04 E&H Prosonic M FMU 40 - Ultrasonic TK04 
LT05 E&H Micropilot M FMR240 - Radar TK05 
LT06 Load-cell - Force TK05 
Table 12 List of level transmitter tag names 
 
Solenoid Valves 
P&ID 
Ref. Location 
SV01 Pump system 1 after PU01 
SV03 Pump system 2 after PU03 
SV05 Pump system 3 after PU05 
SV09 Pump system 3 after PU09 
SV08 Ground Level: outlet of TK05 after FV04 
SV12 TK03 & TK04 Level: inlet stream into TK02 
SV13 TK03 & TK04 Level: outlet stream from TK02 
SV14 TK03 & TK04 Level: inlet stream into TK04 
SV15 TK03 & TK04 Level: inlet stream into TK04 
SV16 TK03 & TK04 Level: inlet stream into TK03 
SV17 TK03 & TK04 Level: outlet stream from TK01 
SV18 TK03 & TK04 Level: inlet stream into TK03 
SV19 TK03 & TK04 Level: inlet stream into TK01 
Table 13 List of solenoid valve tag names 
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Level Switches 
P&ID Ref. Location 
LS01 TK01 High 
LS02 TK01 Low 
LS03 TK02 High 
LS04 TK02 Low 
LS05 TK03 High 
LS06 TK03 Low 
LS07 TK04 High 
LS08 TK04 Low 
LS09 TK05 High 
LS10 TK06 High 
LS11 TK06 Low 
LS12 TK06 Low Low 
Table 14 List of level switch tag names 
 
 
Gate Valves 
P&ID 
Ref. Location 
GV01 TK03 & TK04 Level: outlet stream from TK01 
GV02 TK03 & TK04 Level: outlet stream from TK02 
GV03 TK03 & TK04 Level: outlet stream from TK03 
GV04 TK03 & TK04 Level: outlet stream from TK04 
GV05 Ground Level: back left corner of TK06 
GV06 Ground Level: back right corner of TK06 
GV07 Connecting TK03 & TK04 
GV08 Connection TK01 & TK02 
Table 15 List of gate valve tag names 
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Ball Valves 
P&ID 
Ref. Location 
BV01 Pump system 1 
BV02 Pump system 1 
BV03 Pump system 2 
BV04 Pump system 2 
BV05 Pump system 3 
BV06 Pump system 3 
BV07 Pump system 3 
BV08 Filter pump inlet stream 
BV09 Filter outlet stream 
BV10 Outlet from TK06 into pump system 2 
BV11 Outlet from TK05 into pump system 2 
BV12 Outlet from TK06 into pump system 3 
BV13 Outlet from TK01 into pump system 3 
Table 16 List of ball valve tag names 
 
 
Pressure Relief Valves 
P&ID Ref. Location 
PRV01 Pump system 1 
PRV02 Pump system 1 
PRV03 Pump system 2 
PRV04 Pump system 2 
PRV05 Pump system 3 
PRV06 Pump system 3 
PRV07 Pump system 3 
Table 17 List of pressure relief valve tag names 
 
 
Non-Return Valves 
P&ID Ref. Location 
NRV01 Pump system 1 
NRV02 Pump system 1 
NRV03 Pump system 2 
NRV04 Pump system 2 
NRV05 Pump system 3 
NRV06 Pump system 3 
NRV07 Pump system 3 
Table 18 List of non-return valve tag names 
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8.5 List of Field Point Configuration 
 
All physical I/O devices which electrically interface with the instrumentation of the 
UWS are listed by module and channel below. 
 
Module Channel 
Shared 
Variable Units Description Notes 
1 0 LS01 V Level Switch Tank 1 High Digital Input 0V - 12V 
1 1 LS02 V Level Switch Tank 1 Low Digital Input 0V - 12V 
1 2 LS03 V Level Switch Tank 2 High Digital Input 0V - 12V 
1 3 LS04 V Level Switch Tank 2 Low Digital Input 0V - 12V 
1 4 LS05 V Level Switch Tank 3 High Digital Input 0V - 12V 
1 5 LS06 V Level Switch Tank 3 Low Digital Input 0V - 12V 
1 6 LS07 V Level Switch Tank 4 High Digital Input 0V - 12V 
1 7 LS08 V Level Switch Tank 4 Low Digital Input 0V - 12V 
1 8 LS09 V Level Switch Tank 5 High Digital Input 0V - 12V 
1 9 LS10 V Level Switch Tank 6 High Digital Input 0V - 12V 
1 10 LS11 V Level Switch Tank 6 Low Digital Input 0V - 12V 
1 11 LS12 V 
Level Switch Tank 6 Low 
Low Digital Input 0V - 12V 
1 12 not used V    
1 13 not used V    
1 14 not used V    
1 15 not used V     
Table 19 List of Module 1 I/O points 
 
 
Module Channel 
Shared 
Variable Units Description Notes 
2 0 VSD1_S V VSD1 Running Feedback Digital Input 0V - 12V 
2 1 VSD2_S V VSD2 Running Feedback Digital Input 0V - 12V 
2 2 VSD3_S V VSD3 Running Feedback Digital Input 0V - 12V 
2 3 VSD4_S V VSD4 Running Feedback Digital Input 0V - 12V 
2 4 VSD5_S V VSD5 Running Feedback Digital Input 0V - 12V 
2 5 PU01_S V Pump 1 Isolation Switch State Digital Input 0V - 12V 
2 6 PU02_S V Pump 2 Isolation Switch State Digital Input 0V - 12V 
2 7 PU03_S V Pump 3 Isolation Switch State Digital Input 0V - 12V 
2 8 PU04_S V Pump 4 Isolation Switch State Digital Input 0V - 12V 
2 9 PU05_S V Pump 5 Isolation Switch State Digital Input 0V - 12V 
2 10 PU06_S V Pump 6 Isolation Switch State Digital Input 0V - 12V 
2 11 PU07_S V Pump 7 Isolation Switch State Digital Input 0V - 12V 
2 12 PU08_S V Pump 8 Isolation Switch State Digital Input 0V - 12V 
2 13 not used V    
2 14 not used V    
2 15 not used V     
Table 20 List of Module 2 I/O points 
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Module Channel 
Shared 
Variable Units Description Notes 
3 0 SV01 V Solenoid Valve 1 
Digital Output 0V-12V 
Control Relay 
3 1 SV03 V Solenoid Valve 3 
Digital Output 0V-12V 
Control Relay 
3 2 SV05 V Solenoid Valve 5 
Digital Output 0V-12V 
Control Relay 
3 3 SV07 V Solenoid Valve 7 
Digital Output 0V-12V 
Control Relay 
3 4 SV08 V Solenoid Valve 8 
Digital Output 0V-12V 
Control Relay 
3 5 SV12 V Solenoid Valve 12 
Digital Output 0V-12V 
Control Relay 
3 6 SV13 V Solenoid Valve 13 
Digital Output 0V-12V 
Control Relay 
3 7 SV14 V Solenoid Valve 14 
Digital Output 0V-12V 
Control Relay 
3 8 SV15 V Solenoid Valve 15 
Digital Output 0V-12V 
Control Relay 
3 9 SV16 V Solenoid Valve 16 
Digital Output 0V-12V 
Control Relay 
3 10 SV17 V Solenoid Valve 17 
Digital Output 0V-12V 
Control Relay 
3 11 SV18 V Solenoid Valve 18 
Digital Output 0V-12V 
Control Relay 
3 12 SV19 V Solenoid Valve 19 
Digital Output 0V-12V 
Control Relay 
3 13 not used V    
3 14 not used V    
3 15 not used V     
Table 21 List of Module 3 I/O points 
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Module Channel 
Shared 
Variable Units Description Notes 
4 0 FM01 0-12V Flow Meter 1 Pump system 1 outlet 
4 1 FM02 0-12V Flow Meter 2 Pump system 2 outlet 
4 2 FM03 0-12V Flow Meter 3 
Recycle stream between 
TK03 & TK01 
4 3 FM04 0-12V Flow Meter 4 Outlet of TK01 before GV01 
4 4 FM05 0-12V Flow Meter 5 Outlet of TK05 
4 5 not used 0-12V  
Analog Input Use Resistor 
in parallel to input 
4 6 not used 0-12V    
4 7 not used 0-12V    
4 8 LT01 0-12V Level Transmitter 1 TK01 
4 9 LT02 0-12V Level Transmitter 2 TK02 
4 10 LT03 0-12V Level Transmitter 3 TK03 
4 11 LT04 0-12V Level Transmitter 4 TK04 
4 12 LT05 0-12V Level Transmitter 5 TK05 
4 13 LT06 0-12V Level Transmitter 6 TK05 
4 14 not used 0-12V  
Analog Input Use Resistor 
in parallel to input 
4 15 not used 0-12V     
Table 22 List of Module 4 I/O points 
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Module Channel 
Shared 
Variable Units Description Notes 
5 0 VSD1_C V VSD 1 Enable / Pump 1 
Digital Output 0V-12V VSD 
Control Input 
5 1 VSD2_C V VSD 2 Enable / Pump 3 
Digital Output 0V-12V VSD 
Control Input 
5 2 VSD3_C V VSD 3 Enable / Pump 5 
Digital Output 0V-12V VSD 
Control Input 
5 3 VSD4_C V VSD 4 Enable / Pump 7 
Digital Output 0V-12V VSD 
Control Input 
5 4 VSD5_C V VSD 5 Enable / Pump 8 
Digital Output 0V-12V VSD 
Control Input 
5 5 PU02_C V Pump 2 On Relay 
Digital Output 0V-12V 
Control Relay 
5 6 PU04_C V Pump 4 On Relay 
Digital Output 0V-12V 
Control Relay 
5 7 PU06_C V Pump 6 On Relay 
Digital Output 0V-12V 
Control Relay 
5 8 PU10_C V Pump 10 On Relay 
Digital Output 0V-12V 
Control Relay 
5 9 PU09_C V Pump 9 Solenoid Air Bellows 
Digital Output 0V-12V 
Control Relay 
5 10 TL1 V Tank Light Circuit 1 
Digital Output 0V-12V 
Control Relay 
5 11 TL2 V Tank Light Circuit 2 
Digital Output 0V-12V 
Control Relay 
5 12 TL3 V Tank Light Circuit 3 
Digital Output 0V-12V 
Control Relay 
5 13 TL4 V Tank Light Circuit 4 
Digital Output 0V-12V 
Control Relay 
5 14 TL5 V Tank Light Circuit 5 
Digital Output 0V-12V 
Control Relay 
5 15 TL6 V Tank Light Circuit 6 
Digital Output 0V-12V 
Control Relay 
Table 23 List of Module 5 I/O points 
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Module Channel 
Shared 
Variable Units Description Notes 
6 0 FV01 
4-
20mA Flow Valve 1 Pump system 1 after PU02 
6 1 FV02 
4-
20mA Flow Valve 2 Pump system 2 after PU04 
6 2 FV03 
4-
20mA Flow Valve 3 Pump system 3 after PU06 
6 3 FV04 
4-
20mA Flow Valve 4 Outlet of TK05 after FM06 
Table 24 List of Module 6 I/O points 
 
 
 
Module Channel 
Shared 
Variable Units Description Notes 
7 0 VSD1 
4-
20mA VSD 1 Speed Control / Pump 1 Analog Output 
7 1 VSD2 
4-
20mA VSD 1 Speed Control / Pump 3 Analog Output 
7 2 VSD3 
4-
20mA VSD 1 Speed Control / Pump 5 Analog Output 
7 3 VSD4 
4-
20mA VSD 1 Speed Control / Pump 7 Analog Output 
7 4 VSD5 
4-
20mA VSD 1 Speed Control / Pump 8 Analog Output 
Table 25 List of Module 7 I/O points 
 
 
 
Module Channel 
Shared 
Variable Units Description Notes 
8 0 FM06 Pulses Macnaught M10 Flow Meter 6 Pump system 3 outlet 
8 1 FM06 Pulses Macnaught M10 Flow Meter 6 Pump system 3 outlet 
8 2 FM07 Pulses Macnaught M10 Flow Meter 7 
Recycle stream between 
TK02 & TK04 
8 3 FM07 Pulses Macnaught M10 Flow Meter 7 
Recycle stream between 
TK02 & TK04 
Table 26 List of Module 8 I/O points 
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8.6 Interpreting Drawings 
8.6.1 Pneumatic Drawings 
Future work: A set of drawings needs to be created for the Pneumatic system.  
The pneumatic system is in the process of being installed by John Boulton. 
8.6.2 Layout Construction Drawings 
Layout drawings have been constructed by previous groups.  These drawings 
require updating to reflect the current changes.  An additional improvement can 
be made to the layout construction drawings, a breakdown and list of parts could 
be incorporated into these drawings.  This would assist people transitioning 
between the electrically based drawings and the physical system.  This will be 
included on the future work list. 
8.6.3 Electrical Drawings 
Many systems designed and constructed in industry are larger and more 
complex then the UWS.  Larger and more complex systems require more 
drawings to represent the system.  Examples are Block diagrams, Sub block 
diagrams, Interconnection Diagrams, Network Diagrams, Single line diagrams, 
Layout drawings, Loop drawings, Internal power distribution, Internal cabinet 
drawings.  Depending on the company and system will determine how many 
different types of drawings/diagrams are created. 
 
Two types of electrical drawings were created for the UWS to represent the 
UWS. Power and instrument drawings were chosen to represent the complete 
electrical system.  On both types of drawings the same basic concept was used.  
Each drawing is a combination of internal cabinet drawing and external 
connection drawing rolled into one drawing.  There is a boundary marking 
internal to and external from the cabinet on both drawings, this is represented by 
a half circle on the wires.  Under the half circles the terminal blocks and pin 
numbers are drawn to show the external connection.  The device connection and 
cable number to each device is also shown.  This displays the system in a 
compact form with all the required information in the smallest number of 
drawings. 
 
Drawings have been created in A3 format using TurboCAD.  These drawings 
print perfectly on A4 which is needed as students normally only have access to 
A4 printers.  All drawing will be created in PDF format, this will ensure 
consistency each time they are printed.    
 
 
Power drawings are used to show the electrical connection of voltages greater 
then 240VAC.  Where the power drawings share instrument connections, 
interconnection links are included on these drawings linking the power drawings 
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to the instrument drawings.  An internal power distribution drawing, emergency 
stop drawing and Main contactor drawing will then branch power to 9 pump 
group drawings.  Each pump group system is displayed on a single drawing.   
 
Instrument drawings were created to show electrical connections below 24VDC.  
These drawings focus on the control system connections and the UWS 
instrumentation devices.  Components inside the instrument cabinet are marked 
by semi circles on the drawings.  Terminal block and pin numbers are clearly 
marked to show the connections to the field devices.  Cable numbers are clearly 
displayed with circles about the associated wires in the cable.  Connections to 
instruments are shown, as well as interconnections to the instrument connection 
in the power cabinet. 
 
A full set of drawings in include in the appendix. 
 
8.6.4 P&ID 
Created by Ryan MacDonald in 2007(McDonald 2007) and modified in 2009 to 
include system changes during electrical connection in 2009.  P&ID shows the 
instrumentation and water piping of the UWS.  Pneumatic connections will be 
shown on pneumatic drawings which are included on the future work list. 
 
8.7 Pneumatic System Information 
8.7.1 Pneumatic System Design Overview 
Pneumatic system design is a work in progress with the installation in progress at 
the same time.  John is currently installing the main air lines which will connect to 
distribution blocks.  The pneumatic solenoids will be connected to the distribution 
blocks with 6mm quick connect tubing.  Each device in the pneumatic system 
operates at a different pressure.  The flow valves operate at maximum pressure 
of 2.4-3.5 Bar.  Wilden Pump operating pressure is between 6-8.6 Bar.  Wilden 
pump needs a reasonably consistent air inlet pressure, as the air inlet pressure 
effects the head pressure and flow rate of the pump.  Solenoid valves working 
pressure range indicates a similar operating range of 6-8.6 Bar.     
8.7.2 Solenoid Valve Overview 
Solenoid valves are on/off flow control valves.  These allow different pump 
combinations to be selected and port flow to different tanks.  Solenoids will 
configure the UWS for different experimental setups.  More information will be 
created when the client program is written to conduct flow control 
experiments.(Bermad) 
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8.8 National Instruments Field Point 
National Instrument FieldPoint units were chosen early on in the project as the 
medium to control the UWS.  Below is a quick summary of the modules used.  
Information regarding system connection can be found on instrument drawings. 
8.8.1 Analog Input Module 
FP-AI-112 has 16 analog voltage input channels with 16-bit resolution.  4-20mA 
instruments two wire devices are connected to the analog input module.  Resistor 
in parallel is used to convert the voltage into a current by a calculation in 
software. 
 
This system of connection needs to be tested, as the two wired instruments are 
powered by the 4-20mA current loop.  The analog input module measures 
voltage, not supplies voltage.  Modification may need to be done prior to these 
devices working correctly.(NI 2004) 
 
Vin COM Vsup 
   
0-10V + signal 0-10V - Signal Not connected 
Table 27 Wiring connection for an Analog Input module 
8.8.2 Analog Output Module 
FP-AO-200 has 8 4-20mA analog outputs with 12-bit resolution.  These are 
directly connected to the instruments as shown on the instrument drawings.(NI 
2002) 
 
Iout COM Vsup 
   
4-20mA + signal 4-20mA - signal Not connected 
Table 28 Wiring connection for an Analog Output module 
 
8.8.3 Digital Input Module 
FP-DI-301 16 digital input channels with sinking inputs compatible with 24VDC 
sourcing outputs.  12 level switches are connected to sinking inputs as shown 
below.(NI 2006) 
 
Vsup Vin COM 
   
24V + signal 0V - Signal Not connected 
Table 29 Wiring connection for a Digital Input module 
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8.8.4 Digital Output Module 
FP-DO-403 16 digital output channels with sinking outputs supplying 2A per 
channel, 16A per module.  5 – 30VDC voltage output.  Various types of devices 
are connected to these outputs are connected as follows.(NI 1999) 
 
Vsup Vout COM 
   
0-10V + signal 0-10V - Signal Not connected 
Table 30 Wiring connection for a Digital Output module 
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8.8.5 Counter Module 
FP-CTR-502 Eight 16 bit counters used to measure pulses from Macnaught M10 
flow meters fitted with 2 reed switches per flow meter.  This is connected as 
listed below.(NI 2002) 
 
Vin COM Vsup 
   
+ Signal - Signal Not connected 
Table 31 Wiring connection for a Counter module 
8.8.6 Controller Module 
Real-time embedded controller with a PC-based distributed I/O Ethernet interface 
used to run the interlock program designed to protect the equipment installed on 
the UWS.  Only voltage is connected and an Ethernet cable.(NI 2003) 
 
V C 
  
0-10V + signal 0-10V - Signal 
Table 32 Wiring connection for a Controller module 
 
9 Connection Diagrams and Information on 
Instruments 
 
9.1  HART protocol 
The HART (Highway Addressable Remote Transducer)(Endress&Hauser 2008) 
protocol is used in Endress and Hauser instruments.  Many instruments being 
used on the UWS system are Endress and Hauser and are equipped for the 
HART protocol.  The HART protocol is digital and is placed on top of the 4-20mA 
signal.  Two wires provide power to the unit, carry the signal and perform digital 
communication. The communication is performed at 1200 baud using FSK 
(Frequency Shift Keying) and a token passing protocol. HART can be used for 
calibration of instruments and for sending digital measurements to a controller.  
 
9.1.1 Relevance to UWS 
The HART signal will be used initially to calibrate and configure Endress and 
Hauser instruments. As the system will be using a 4-20mA signal for control, the 
HART system will not be used during normal operation, only for maintenance. 
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10  
10.1 Variable Speed Drive (VSD) 
 
Figure 1 Photo of a Variable Speed Drive 
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Figure 2 Movitrac 7 Overview Diagram  
10.1.1 Braking Resistor 
A braking resistor is attached to the back of the heat sink to the rear of the VSD 
unit. The wires are connected to the front of the unit as can be seen in the above 
diagram. This braking resistor will not be used on the VSD for the UWS as there 
is no requirement to use one for this project.(SEW-EURODRIVE 2002) 
10.1.2 Output Choke 
Output choke is not used on the VSD connected in the UWS system.(SEW-
EURODRIVE 2002) 
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10.1.3 Wiring 
 
Figure 3 Movitrac 7 Wiring Diagram 
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10.1.4 VSD wiring diagram 
 
Figure 4 Variable Speed Drive list of terminal descriptions 
 
 
The above two diagrams show how to connect wiring to the VSD. 
10.1.5 VSD set up 
The settings which will need to be set include 
 
-Acceleration ramp 
-Deceleration ramp 
-Maximum RPM 
-Minimum RPM 
 
Detailed information on setting these parameters can be found pages 25 to 
26(SEW-EURODRIVE 2002) of the datasheet for the VSD.  A copy is located on 
the CD accompanied with the thesis.  
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10.1.6 Start Up 
The start up procedure for the VSD can be found on pages 23 through to 
40(SEW-EURODRIVE 2002). This should be investigated further when the UWS 
requires programming. 
 
10.1.7 VSD Electrical Connections 
 
10.1.8 Instrument Connections 
 
TB: Terminal Function Wire 
Colour 
Code 
X10: 3 
 
9 
 
11 
12 
Enable Signal (DO) 
 
Running Feedback (DI) 
 
4-20mA Control Signal + 
AO 
4-20mA Control Signal - AO 
 
Table 33 Variable Speed Drive Instrument Connections 
 
10.1.9 Power Connections 
 
TB: Terminal Function Wire Colour 
Code 
 
X1: 
 
 
 
 
X2: 
 
 
L1 
N 
PE 
 
U 
V 
W 
PE 
 
Mains Connection 
Line Voltage 
Neutral 
Protective Earth 
 
Motor Connection 
U Phase 
V Phase 
W Phase 
Protective Earth 
 
Table 34 Variable Speed Drive Power Connections 
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10.2 Level Transmitters 
10.2.1 FMR 240 
Figure 5 Endress & Hauser Micropilot M Ultrasonic Level Transmitter  
 
 
 
This level sensor is a downward looking device that measures the time taken for 
high frequency (6-26 Ghz) electromagnetic radiation to leave and return. The 
speed of light is then used with the time measurement to calculate the level in the 
tank.(Endress&Hauser 2004)  
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Figure 6 Diagram detailing level sensor operation and basic setup 
Source: Endress and Hauser TI TI345F/00/en  
 
To setup the instrument the distances E (distance from flange to bottom of the 
tank) and F (the distance from the bottom of the tank to the full point) need to be 
entered. The distance D is proportional to the time of flight of the reflected radar 
impulses and is calculated using the velocity of light: 
D=c.t/2 
Where D is the distance labeled in the picture above, c is the speed of light and t 
is the time measured from the signal leaving the sensor to the signal returning. 
The level is then simply: L = E-D. When the tank is empty, D= E and therefore, 
L=0 the output from the sensor will read 0%, when L=F the output will be 100%. 
(Endress&Hauser 2003) 
 
Sensor Span: Up to 20m 
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10.2.2 Electrical Connection: 
 
 Terminal Function Wire Colour 
Code 
 1 
2 
3 
 
4 
 
7 Earth/GND 
Screw 
+ Signal 
-Signal 
Not connected & 
Test + 
Not connected & 
Test – 
Shield wire 
 
Table 35 Wiring connection for the Endress & Hauser Micropilot M Ultrasonic Level 
Transmitter  
 
 
NB:  Analog Input module reads voltage only in.  This input has a resistor in 
parallel to convert the input into a current input.  Not sure whether this type of 
input can power the current loop as well as read the input.  Still needs to be 
tested to verify the operation. 
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10.3 FMU 40 
Figure 7 Endress & Hauser FMU 40 Ultrasonic Level Transmitter  
 
 
The FMU 40 operates on the same principle as the FMR 240 described above, 
however, instead of using high frequency radio waves(6-26GHz for the FMR 240) 
it only uses ultrasonic waves (70kHz). Furthermore, it's range (the level it can 
measure reliably) is a lot smaller. The range on the FMU 40 is 5m for fluids while 
the FMR 240 can measure up to 20m depending on the tank type and instrument 
setup. The diagram shown above for the FMR 240 can also be used to calibrate 
the FMU 40.(Endress&Hauser 2005) 
 
Sensor Span: Up to 5m  
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10.3.1 Electrical Connection: 
 
 Terminal Function Wire Colour 
Code 
 1 
2 
3 
 
4 
 
7 Earth/GND 
Screw 
+ Signal 
-Signal 
Not connected & 
Test + 
Not connected & 
Test – 
Shield wire 
 
Table 36 Wiring connection for Endress & Hauser FMU 40 Ultrasonic Level Transmitter  
 
 
 
NB:  Analog Input module reads voltage only in.  This input has a resistor in 
parallel to convert the input into a current input.  Not sure whether this type of 
input can power the current loop as well as read it also.  Still needs to be tested 
to verify.(Endress&Hauser 2005) 
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10.4 Multicap T DC11TEN 
Figure 8 Endress & Hauser Multicap T DC11TEN - the length of the probe is approximately 
1 meter. 
 
 
 
The Multicap T is a level sensor that measures the change in capacitance of the 
measuring rod. The capacitance will change as the level of the fluid surrounding 
the rod (in our case water) changes. This change in capacitance is then used to 
determine the level. The sensor can be broken into three parts: the probe, the 
housing and the electrical insert. These need to be examined to determine the 
operation of this level sensor. 
In systems where fluid containing solids/rust particles the sensor may read false 
readings when the tank is empty.  This can be correct by programming the 
device to ignore weak measurements signals using the HART communication 
protocol to program the device using the ToF Tool.  
Sensor Span: Range of Sensor is 1m, depending on the height the sensor is 
mounted in the tank will determine the max measurement height.  Ie if mounted 
30cm from the bottom of the tank the range will be 1.3m.(Endress&Hauser 2002) 
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10.4.1 Electrical Connection: 
 
 Terminal Function Wire Colour 
Code 
 1 
2 
3 
 
4 
 
7 Earth/GND 
Screw 
+ Signal 
-Signal 
Not connected & 
Test + 
Not connected & 
Test – 
Shield wire 
 
Table 37 Wiring connection for Endress & Hauser Multicap T DC11TEN (Endress&Hauser 
2003) 
10.5 Pressure Transmitters 
10.6 Cerabar M - PMC 241 
Figure 9 Cerabar M Pressure Transmitter 
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The Cerarbar M is a pressure transmitter that can be used in a diverse range of 
pressure measurement applications. The PMC 241 contains a ceramic 
diaphragm that is influenced by the process pressure. As this ceramic diaphragm 
moves it changes the capacitance between two electrodes (shown below). The 
capacitance is measured and the pressure is determined from this 
value.(Endress&Hauser 2005)  
 
Ceramic sensor contained within the PMC 241.  
Source:Endress and Hauser TI 399P/00/en  
 
Sensor Span: 0-40 bar (4-20mA) 
 
10.6.1 Electrical Connections: 
 
 Terminal Function Wire Colour 
Code 
 1 
2 
3 
Earth/GND 
Screw 
+ Signal 
-Signal 
Not connected 
Shielding Wire 
 
Table 38 Wiring connection for a Cerabar M Pressure Transmitter 
 
 
NB:  Analog Input module reads voltage only in.  This input has a resistor in 
parallel to convert the input into a current input.  Not sure whether this type of 
input can power the current loop as well as read it also.  Still needs to be tested 
to verify. 
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10.7 Deltabar S - PMD 230 
Figure 10 Deltabar S Differential Pressure Transmitter 
 
 
 
The PMD 230 is a differential pressure sensor that can be can be used to 
determine the pressure drop across equipment, the level in tanks or the flow 
through pipes. The pressure measurement principle of these devices is the same 
as the Cerabar, however, only the differential pressure is measured because the 
two pressures counteract each-other.  
In flow applications a differential pressure is created on either side of primary 
elements that are actually part of the pipe-work, these include: orifice plates, 
nozzles, venturi nozzles, venturi piping and more. The flow-rate through these 
primary elements in the pipe can be calculated from the differential pressure 
across the element. The correlation between flow-rate and pressure across the 
primary element is provided in the calibration report that comes with the primary 
element.(Endress&Hauser 2002) 
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Figure 11 Differential pressure transmitter used to calculate flow-rate by measuring 
pressure across a primary element.(Endress&Hauser 1999)  
 
 
In level applications the principle of hydrostatics is used to convert a pressure 
measurement into a level. A hydrostatic pressure is created due to the weight of 
a column of liquid. At constant density the pressure due to the column is varied 
only by the height according to: 
 
 
Equation 1 Hydrostatic pressure 
 
The picture below shows the general connection of the differential pressure 
transmitter for level measurement. The top input will only carry vessel pressure, 
while the bottom will be both vessel pressure and Đ due to the height of the 
liquid. Consequently, the pressure due to the liquid, Đ, is the differential pressure 
output by the sensor; this value can then be used to determine level.  
 
Figure 12 Differential pressure transmitter used to calculate level by measuring differential 
pressure in a vessel(Endress&Hauser 1999) 
Sensor Span: 0-3000 mbar (300kpa) (4-20mA) 
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10.7.1 Electrical Connection: 
 Terminal Function Wire Colour 
Code 
 1 
2 
3 
Earth/GND 
Screw 
+ Signal 
-Signal 
Not connected 
Shielding Wire 
 
Table 39 Wiring connection to a Deltabar S Differential Pressure Transmitter 
 
NB:  Analog Input module reads voltage only in.  This input has a resistor in 
parallel to convert the input into a current input.  Not sure whether this type of 
input can power the current loop as well as read it also.  Still needs to be tested 
to verify.(Endress&Hauser 1999) 
 
10.8 Flow Meters 
10.9 Endress & Hauser Magflow 10H15  
 
Magflow 10H Flow meter 
 
When a conductor moves through a magnetic field a voltage is induced 
according to Faraday's law of induction. This principle can be used to measure 
the flow of a conducting liquid. The voltage induced between two electrodes will 
be proportional to the magnetic field strength and the velocity of the conductor 
(flow rate of the conducting liquid). This basic principle is shown in the diagram 
below: 
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Figure 13 Principle of operation of the Magflow meters with labelling(Endress&Hauser 
2003) 
 
Source: Endress and Hauser TI 095D/06/en/04.03 
Consequently, the measured voltage between the electrodes can be used to 
determine the flow rate through the magnetic field. 
Sensor Span: 0-25 L/min (4-20mA) 
 
 
10.9.1 Electrical Connection: 
 Terminal Function Wire Colour 
Code 
 26 
27 
 
Earth/GND 
Screw 
+ Signal 
-Signal 
 
Shielding Wire 
 
Table 40 Wiring connection for a Endress & Hauser Magflow 10H15(Endress&Hauser 2003) 
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10.10 Endress & Hauser Magflow 10W 
Figure 14 Magflow 10H15 Flow meter 
 
This flow meter uses the same transmitter model as the previous sensor (the 
Promag 10h), however, uses a different sensor - the W model instead of the h. 
The w sensor is specifically designed for water and larger flow rates, however, 
the measuring principle is exactly the same as the Promag 
10h.(Endress&Hauser 2003)  
 
Sensor Span: 0-200 L/min (4-20mA) 
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Connection: 
 Terminal Function Wire Colour 
Code 
 26 
27 
 
Earth/GND 
Screw 
+ Signal 
-Signal 
 
Shielding Wire 
 
Table 41 Wiring connection for a Magflow 10H15 Flow meter(Endress&Hauser 2003) 
 
 
10.11 Prowhirl 72 
Figure 15 Endress & Hauser Prowhirl 72 Flow Meter  
 
The Prowirl 72 flow meter works on the principle of the Karman vortex street. 
When a fluid flows past a bluff body, vortices are alternately formed and shed on 
both sides with opposite senses of rotation. These vortices each generate a local 
low pressure. The pressure fluctuations are recorded by the sensor and 
converted to electrical pulses. The vortices develop very regularly within the 
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application limits of the device. Therefore, the frequency of vortex shedding is 
directly proportional to the volume flow. 
 
Figure 16 Diagram showing how vortexes flow within the flow meter(Endress&Hauser 
2003)  
 
The K Factor - which is the proportional constant of this device, is determined 
once the unit is built in the factory - and hence will not alter as this instrument is 
not subjected to any long term drift or zero point shift. It has no moving parts and 
requires no maintenance. 
K Factor = pulses/unit volume(dm^3)  
The capacitive sensor used is a DCS sensor (differential switched capacitance). 
It records the pressure pulses caused by the vortices inside the flow meter. The 
sensor is also immune to any influences from mechanical pipe 
vibrations.(Endress&Hauser 2003) 
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Diagram showing sensor position in the flow meter  
Sensor span:0-600 L/min (4-20mA)  
 
 
10.11.1 Electrical Connections: 
 Terminal Function Wire Colour 
Code 
 1 
2 
 
3 
4 
 
Earth/GND 
Screw 
+ Signal 
-Signal 
 
Not connected 
Not connected 
 
Shielding Wire 
 
Table 42 Wiring connection for a Endress & Hauser Prowhirl 72 Flow 
Meter(Endress&Hauser 2003)  
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10.12 Macnaught M10  
Figure 17 Macnaught M10 Flow meter 
 
 
The Macnaught M10 is a positive displacement flow meter, that is the flow of 
liquid physically displaces the measuring elements. The diagram below shows 
the basic operating principle of the two oval rotor measuring system: 
 
Oval Rotor operating principle 
When the process fluid (in our case water) passes through these rotors it causes 
them to rotate. The rotors have magnets on the top and these magnets are used 
to count the number of turns of the rotors. Reed switches or hall effect sensors 
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produce a pulse whenever the rotor passes them. The flowmeters are calibrated 
when built to determine how many electrical pulses are produced when 1 litre 
flows through the meter. This will always be the same because a constant 
volume flows through the meter to generate that one pulse. Consequently, if the 
pulses are counted the flow rate can be easily determined. When wiring these 
sensors up to the control system we must have a counter and then convert this to 
a flow rate within the program. 
With the available serial numbers from the flow meters Macnaught have told us 
that the 2 M10's we possess have dual reed switches and high viscosity rotors. 
The reed switches operate on the principle shown below:  
 
Reed Switch operating principle 
 
There are two reed switches, 1 for each rotor consequently these two can be 
connected to two channels on Counter Fieldpoint unit. 36 or 72 pulses per minute 
indicate a flow rate of 1 liter per minute.  Vendor documentation suggests both 
pulses rates, so the flow valve will need to be tested to check which is correct. 
The viscosity of water is 0.89 cp at 25 C 
http://dwb.unl.edu/Chemistry/MicroScale/MScale05.html consequently the flow 
range of this meter is 10 to 100 L/min.(Macnaught 2002)  
Flow Range: 10-100 L/min 
Max Pressure:55 bar 
Max Temperature:80 C 
Recommended Strainer:60 mesh 
Electrical Pulses/per litre: 36 or 72 with dual output 
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10.12.1 Electrical Connection: 
Terminal Function Wire Colour 
Code 
1 
2 
 
3 
4 
 
Earth/GND 
Screw 
+ Signal 
-  Signal 
 
+ Signal 
-  Signal 
 
Shielding Wire 
 
Table 43 Wiring connection for a Macnaught M10 Flow meter(Macnaught 2002) 
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10.13 4.2 Flow Valves 
 
Valves 
10.14 Pneumatic Flow Valve( 24000S with FISHER Positioner) 
Figure 18 Pneumatic Flow Valve with FISHER positioner 
 
These valves are the economical line of the Bauman range. They are versatile 
enough to cope with the conditions set in the laboratory and may be used for the 
control of pressure, temperature, level and flow. The 316 stainless steel body will 
withstand mildly corrosive fluids, yet it is economical enough to be used in 
applications where carbon steel would be recommended.  
This model also comes with a FISHER positioner, which is a type 3661 electro-
pneumatic, single-acting positioner.It is used with various actuators on sliding-
stem valves for throttling applications. This rugged positioner provides a valve 
position proportional to a standard milliampere dc input signal received from a 
control device.(Emerson 2005) 
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Figure 19 Diagram showing a FISHER valve positioner inputs and outputs 
 
 
Pneumatic Flow valve 
Max pressure: 2.4 Bar 
 
10.14.1 Electrical Connection: 
Terminal Function Wire Colour 
Code 
+ 
- 
 
Earth/GND 
Screw 
4-20mA + Signal 
4-20mA -Signal 
 
Shielding Wire 
 
Table 44 Wiring connection for a FISHER valve positioner(Emerson 2005) 
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10.15 Bauman Control Valve (51000 With Size 06 Actuator) 
 
Figure 20 Bauman Control Valve (pneumatic) 
 
The Bauman Control valve has an integrated valve positioner and transducer 
package (pneumatic). These valves are compact in size and allow for more 
options in valve placement. The flow capability of this valve has a wide range - 
0.00013 to 2.5 Cv rating.  
The size 06 actuator is a single acting, pneumatic actuator with spring-return 
action and integrated instrumentation. The assembly consists of a compact 
housing in reinforced nylon, diaphragm plate, spring, yoke and positioner or 
transducer.(Emerson 2004) 
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Figure 21 Bauman Control Valve internal diagram with valve positioner 
 
This valve also comes in a size 16 actuator - which is commonly used in typical 
insudtrial applications, although the size 06 shown above is enough for 
laboratory conditions.(Emerson 2004)  
 
Max Air Suppy Pressure: 3.5 Bar 
Cv = 1.5 
10.15.1 Electrical Connection: 
 Terminal Function Wire Colour 
Code 
 1 
2 
3 
Earth/GND 
Screw 
+ Signal 
-Signal 
Not connected 
Shielding Wire 
 
Table 45 Wiring connection for Bauman Control Valve(Emerson 2004) 
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10.16 Load Cell 
 
Figure 22 Dongshin Load Cell 
 
 
Measurement Range: 50kg – 20t Calibrated to 500 Kg 
Excitation Voltage: 10V(Recommended) – 15V(max) 
Safe Overload: 150% Rated Capacity 
Terminal input resistance: 700 Ohms +/- 10 Ohms 
Terminal output resistance: 700 Ohms +/- 10 Ohms 
Operating Temperature:  -20 ~ 80 degrees Celsius 
  
 
 Terminal Function Wire Colour 
Code 
RED 
GREEN 
WHITE 
BLUE 
BARE 
EXC. (+) 
SIG. (+) 
EXC. (-) 
SIG. (-) 
GND 
Excitation (+) 
Signal (+) 
Excitation (-) 
Signal (-) 
Shield wire 
 
Table 46 Wiring connection for a Dongshin Load Cell 
 
Additional Connection Information 
Load cell uses a 5B SCM5838-32 Isolated Strain Gauge Input Module 
A 24VDC to 5VDC voltage convert has been installed to power the 5B unit.  This 
5B module is mounted upon a SCMPB04 mounting plate which can hold up to 
two 5B modules.  Only one module is used in the UWS project. 
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10.17 Pump Switch Status 
An isolation switch is fitted to each electric motor.  This provides physical 
isolation to staff and students who may operate the UWS.  Additionally the 
electrical motors can be isolated for safety and to ensure the plant is off prior to 
personnel leaving the Pilot Plant Area. 
 
All isolation switches are 3 phase.  On the one phase electric motors there is an 
unused contactor.  This contactor was chosen to provide a switch feedback 
signal to the control system.  A 240VAC signal energises a relay and closes a 
24VDC contact which turns on a Digital Input.  Interlock program reads this input 
and passes the information to the server.  This will provide students’ information 
regarding the position of the isolation switches on the single phase electric 
motors in the UWS. 
10.18 Wilden Pump 
10.18.1 Positive Displacement Pump Air Driven Bellows Pump 
10.18.2 Description 
Diaphragm pumps use pressure (usually air) to move a diaphragm resulting in a 
volume change. Valves (or balls) are used so that the fluid can only move one 
direction within the pump. Although the moving diaphragm results in a set volume 
being moved, the pump is pressure powered so RPM is unknown. 
 
10.18.3 Warnings 
Caution: Although these pumps can run dry, it is advised that within this project 
it be kept to a minimum. 
Caution: To prevent pipe burst age, air pressure must be regulated below 
breaking pressure of the pipes or a pressure relief valve must be installed.  
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Figure 23 Wilden Pneumatic Pump 
10.18.4  
10.18.5 Operation 
The diaphragm pump operates on air pressure. This air pressure is turned on 
and off by a solenoid. When the solenoid is energized the pump operates 
according to the air pressure of the supply line. When the solenoid is de-
energized the pump does not operate. Speed control and consequently flow 
control can be achieved by pulsing the solenoid so that it turns on and off for a 
certain period of time to achieve a desired flow rate. This is achieved through a 
pulse width modulation (PWM) output on the field point unit. This negates the 
need for a control valve on the outlet of this pump and the PWM of the air 
pressure can be considered a type of Variable speed drive.(PRO-FLOW 2004) 
Wilden P100 - 12.7mm (1/2") Advanced Plastic Pump  
 
Solenoid model: AV7019-908 FLOW RATE TO 56 LPM (14.8 GPM) 
MAX PRESSURE = 8.6 BAR (125 PSI) 
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Pneumatic positive displacement pump controlled by a solenoid porting air onto a 
diaphragm.  This pump is controlled by a solenoid connected directly to the 
output of the National Instruments Digital Output module 
 
Max Operating Pressure: 8.6 Bar 
Min Recommend Operating Pressure: 6 Bar (Lower the pressure the low flow 
rate and head pressure) A series of tests will be required to fine tune this 
pressure setting. 
 
10.18.6 Electrical Connection: 
 Terminal Function Wire Colour 
Code 
 + 
- 
+24VDC 
0VDC 
 
Table 47 Wiring connection for a Wilden pump 
 
10.19 Electric Solenoid Valve 
Figure 24 Bermad Water Technology 300 Series with Electric Solenoids  
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The 300 Series valves offer solutions to a broad range of applications through 
their versatile and accurate double-chambered diaphragm actuators. This special 
component enables smooth, no-slam closure in all water conditions and 
operation at very low pressures.  
The 300 Series valves feature three operational modes: hydraulic or electric 
'on/off' remote control, pressure-reducing or sustaining/relief, and a combination 
of these two individual features.  
The valves also enable high flow with low head loss and may be installed in any 
position.(Bermad)  
 
Pressure range: 0.7-10 Bar - ISO: PN 10 (10-150 psi - ANSI: Class 125) 
 
 
 
Figure 25 Bermad Water Technology Electric Solenoid Valve internal diagram 700 Series 
(similar to 300 Series(Bermad) 
 
 
 
10.19.1 Electrical Connection: 
Wire Plug Assignment   
 Terminal Function Wire Colour 
Code 
 1 
2 
+24VDC 
0VDC 
 
Table 48 Wiring connection for a Bermad Water Technology 300 Series with Electric 
Solenoids(Bermad) 
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10.20 Connection for Electrical motors 
10.21 Single Phase 
10.22 Centrifugal Pumps 
10.22.1 Description 
In the centrifugal pump, the spinning impeller forces the fluid outward. The outlet 
pipe is on the edge of the housing so the fluid under pressure moves along the 
pipe. At the center of the housing, low pressure, fluid is drawn in.  
10.22.2 Warning: Do NOT run dry, pumps must be primed 
Caution: consult data sheet regarding net positive suction 
head. 
 
Figure 26 PumpMaster Centrifugal Pump 
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PumpMaster Data Sheet 
 
 
10.22.3 Electrical Connection: 
 Terminal Function Wire Colour 
Code 
 L1 Line Voltage  
 N Neutral  
 E Earth  
Table 49 Wiring connection for a PumpMaster Centrifugal Pump 
 
10.23 3 Phase Electric Motor 
 
Powered by the VSD 
10.24 Positive Displacement Pumps 
10.24.1 Description 
Positive displacement pumps result in one revolution moving a fixed volume of 
water. The diagram above shows how water becomes trapped between the 
screw and housing and is forced forward. These pumps are connected to a three 
phase motor and are controlled by a VSD (Variable Speed Drive). Information 
can be found one level up under VSD.(Mono 2004) 
10.24.2 Warnings: 
Warning: Do Not run dry, pumps must be primed, do not completely block ends 
(dead head) 
Caution: Do Not put controllable valve in line with pump unless pressure relief 
valve is installed, this would cause dead head if valve is closed 
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Figure 27 MONO Positive Displacement Pump 
 
MONO CP25  
Flows to 125 lpm or 1625 gph 
Heads to 28m or 92 ft 
Close Coupled Single and Three Phase Options  
10.24.3 Electrical Connection: 
 Terminal Function Wire Colour 
Code 
 U Phase U Phase  
 V Phase V Phase  
 U Phase U Phase  
 Earth Earth  
Table 50 Wiring connection for a MONO Positive Displacement Pump 
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10.25 Tank Lights 
10.25.1 Tank Lights Philosophy 
Main concept of the tank lights is for demonstration day events used to showcase 
the Engineering Departments equipment which is used for classes and projects.  
This would be used in conjunction with a demonstration program which can be 
written during future projects. 
10.25.2 Current Tank Light System Design 
Currently there are six digital outputs used to control six relays.  When the relays 
are activated 24VAC is available the lighting terminal strip which currently is not 
connected. 
 
 
11 Conclusion 
The main aim of the thesis project was to complete the construction and 
commission the UWS.  This was not achieved because the project was larger 
than anticipated and the amount of construction to be re-done was considerable.  
The materials for the project needed to be procured, this took longer then 
expected.  This added to the project delays. 
 
During this thesis project achievements were made.  All materials were procured 
and checked ready for the completion of the project.  The electrical/instrument 
cabinet layout was re-designed and construction was carried out to modify the 
existing layout.  This same cabinet was re-wired and the labeling system and 
methodology changed, which created a professional finish to the cabinet.  The 
specifications to all instruments and devices which will be included in the UWS 
project were checked and documentation updated to reflect all necessary 
changes.  The pneumatic system components were purchased and ready for the 
system installment, though the exact details are yet to be finialised. 
 
Some work is still outstanding from this thesis project.  The field wiring from the 
electrical/instrument cabinet to the field devices needs to be installed.  Three 
bars need to be installed into the cabinet; these are the Protective Earth bar, the 
Instrument Earth bar and the Neutral bar. Wiring still needs to be completed on 
the power side of the electrical/instrument cabinet.  Instrument cabinet 24 Volts 
needs to be connected to the power supplies feed from the power side of the 
cabinet.  The 5 V power supply and the interface module still need to be 
connected.  All level transmitters still require mounting.  These include level 
transmitters, pressure transmitters and the load cell, which will all require setup 
and correctly zeroed before use.  A Perspex cover needs to be installed on the 
power side of the electrical/instrument cabinet.  Warning signs should be 
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attached to the Perspex to warn people of the danger within.  Level switches 
need to be installed into the tanks, with care to be taken to ensure the switches 
are mounted at sufficient height to protect the pumps from running dry. 
 
Commissioning needs to be carried out.  Loop testing will ensure all sensors are 
checked.  This is important to ensure the interlock program functions correctly.  
An interlock program needs to be installed and tested; to ensure the UWS 
equipment is protected from damage. 
 
Software needs to be created to enable people to interact and control the UWS.  
This software has three components.  The first is a server to interface the client 
program with the interlock program.  The second is the client program to control 
the plant.  Finally a maintenance and demonstration program could be written as 
a new project.  For the best visual impact lights could be fitted to the tanks and 
incorporated into the demonstration program.  This would provide a high impact 
display for open days and visits to the Engineering facility.   
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